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	Abstract:
	

	

Penetration of grid-tied photovoltaic (PV) system has been increasing significantly. Impedance models of grid-connected three-phase PV inverters are essential for impedance-based stability analysis, controller design, and operation in power-electronics-dominated grids. Recently, data-driven techniques, particularly neural networks, have attracted considerable attention because of their ability to represent complex nonlinear behaviors in power electronic systems. Neural network-based impedance models necessitate meticulous architecture selection to achieve a compromise between generalization and model integrity. This study proposes four feed-forward networks for modeling the impedance of a voltage source converter (VSC) inverter. The networks are categorized as Wide-Shallow, Deep-Narrow, Uniform, and Bottleneck. The impedance model is obtained with time-domain simulation data from a two-level VSC inverter under diverse operating conditions, while the frequency-domain impedance response is developed through supervised regression. When compared to other types of systems, the bottleneck architecture is more predictive and takes into account a less number of characteristics. The dataset contains 21,680 samples used for both training and validation. Among the evaluated architectures, the Bottleneck network demonstrates superior performance, achieving a mean squared error of 3.81 X 10-9 with fewer parameters than the alternatives. The results indicate that topology-aware architectural design can significantly enhance prediction accuracy while improving parameter efficiency, supporting more scalable impedance modeling for grid-connected PV inverters.
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